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Introduction
Acute leukemia is a neoplastic disease characterized by the abnormal proliferation and accumulation of immature hematopoietic cells. Progress in
our understanding of this disease is reviewed in this volume. Significant
recent advances in the therapy of acute leukemia include high remission
rates in both acute lymphoblastic (ALL) and acute myelogenous leukemia
(AML), the prevention of central nervous system leukemia in ALL, and
development of moderately effective remission maintenance programs,
particularly in ALL. Despite this Progress, approximately 50 per Cent of
patients with ALL and over 95 per Cent of those with AML will eventually
die of resistant leukemia.
Recen t studies at our institution and others have clearly demonstrated
the feasibility of transplantation of normal hematopoietic stem cells in man.
In view of this, and because of the disappointing results of chemotherapy in
patients with acute leukemia who relapse, we studied the potential role of
bone marrow transplantation in resistant acute leukemia. In this chapter I
will briefly review some basic aspects of the biology and immunology of
marrow transplantation and discuss its applicability to leukemia.

Ce11 Biology and Immunology of Bone Marrow Transplantation
The hematopoietic system is derived from pluripotent stem cells. These
cells have several inherent characteristics relevant to marrow transplantation including self-renewal potential, differentiative capacity, and the presence of histocompatibility antigens (HLA) on their surface.
It is clearly possible to transplant hematopoietic stem cells in man. Requirements for engraftment include histocompatibility matching between
donor and recipient, immunosuppression to prevent graft rejection, and a
critical dose of marrow cells. The latter may relate to the clinical Setting
under which transplantation is performed rather than an inherent characteristic of stem cell(s) since a Single cell may be capable of repopulating a
congenitally anemic non-irradiated mouse under appropriate conditions.
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The human major histocompatibility complex (MHC), referred to as
HLA, has been assigned to chromosome 6. The HLA locus has been further
subdivided into the HLA-A, B, C , and D subloci. The first three are commonly defined by serologic technics while the HLA-D region is conventionally studied in the mixed lymphocyte culture (MLC) test (for review See
[I]). Successful marrow transplants in man have been restricted to HLAidentical siblings with few exceptions. While HLA is of prime importance
in determining graft outcome, other histocompatibility systems are undoubtedly involved. Little is known regarding these non-HLA systems and
no attempt has been made to match for non-HLA antigens in clinical transplantation. This factor probably accounts for the high incidence of graft
rejection and graft-versus-host disease (GVHD). There is a high degree of
polymorphism in the HLA system. Since these antigens are inherited in a
Mendelian fashion as codominant alleles, there is a reasonable possibility
(25 per cent) of finding an HLA-identical donor within a family. In the
general population the probability is in the range of one in 10.000. Because
of this, most transplants have been performed between HLA-identical
siblings.
Despite profound hematopoietic suppression, patients with aplasia and
acute leukemia are capable of rejecting allogeneic grafts. Immunosuppression is therefore necessary to achieve sustained marrow engraftment. Pretransplant immunosuppression, referred to as conditioning, has utilized
chemotherapy and radiation either singly or in combination. Since doses
used in these regimens are supralethal, rescue with normal marrow is essential for survival.
The transplant procedure is relatively simple. Approximately one liter of
bone marrow is removed from the donor by aspiration from the posterior
iliac crests. A single cell suspension is prepared and infused intravenously to
the recipient. The infused cells home to the marrow after a b k f delay in the
lungs and spleen. The usual dose is 1-5 X 108 nucleated marrow cells per
kg. In most instances discrete clusters (colonies) of hematopoiesis are observed in the marrow with the first 2 weeks following transplantation [3].
These clusters are usually either erythroid or granulocytic, but mixed populations are occasionally observed. Peripheral white blood cells and platelets
begin to rise within 2-3 weeks following transplantation and may return to
normal levels by 1-2 months. Cytogenetic and gene marker studies clearly
indicate that red cells, granulocytes, lymphocytes, platelets, monocytes, and
hepatic and alveolar macrophages are of donor origin [4,14,16].
Following successful engraftment, the recipient is at risk to develop
several immune-related problems including graft rejection, graft-versushost disease (GVHD), post-transplant immunodeficiency, interstitial pneumonitis, and infectious complications (Table 1). Recurrent leukemia is an
additional potential complication in leukemic recipients.
Graft rejection probably results from histoincompatibility between
donor and recipient and may be facilitated by immunization of the recipient via blood transfusions. In some instances defects in the marrow microenvironment may be responsible for graft failure [ 5 ] . Graft failure occurs in
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Approximately 60-70 per cent of marrow graft recipients develop interstitial pneumonitis [ l 11. The incidence is higher in leukemic patients than in
aplastics. One-half of cases are related to cytomegalovirus (CMV), 10 per
cent to pneumocystis, and 10 per cent to other viruses. No etiology is identified in the remaining cases. It is likely that immunologic factors including
immune stimulation, immunodeficiency, and GVHD play a critical role in
the development of interstitial pneumonitis. Radiation and/or chemotherapy are probably not primary factors but may compromise resistance.
In CMV pneumonitis, it is likely that both reactivation of latent endogenous
infection and exogenous infection are important factors. Attempts to prevent or treat interstitial pneumonitis with antiviral chemotherapy (ara-A)
have been unsuccessful. Studies of CMV immune globulin, or plasma and
interferon, are currently underway at several Centers.
Bacterial and fungal infections are an important complication of bone
marrow transplantation [19]. These usually occur during the period of
granulocytopenia immediately following the transplant and their magnitude is related to the intensity of the conditioning regimen. Most patients
receive oral non-absorbable antibiotics for gastrointestinal tract sterilization, systemic antibiotics, and granulocyte transfusions. The value of prophylactic granulocyte transfusions and laminar air flow environments is
controversial, but recent data suggest they may decrease the incidence of
infection without a substantial effect on survival[2].
Current Results in Acute Leukemia
The survival of patients with resistant acute leukemia is poor with median
survival of less than 6 months in several large series. Because of this, we and
others have studied the potential role of allogeneic bone marrow transplantation in patients with resistant disease.
Transplantation in acute leukemia is difficult. In addition to the previously described immunobiologic problems, it is necessary to permanently
eradicate the leukemic clone(s). A variety of chemotherapy-radiation therapy regimens have been developed to achieve this goal. Three representative regimens are indicated in Fig. 1 and remission and survival data in
Figs. 2 and 3 [8,9,13,18]. Several important points emerge from these
studies:
1. Leukemic relapse is common despite the use of supralethal levels of
drugs or radiation; 2. The risk of relapse is high during the first 2 years but
lower thereafter; 3. That with the possible exception of SCARI (see legend
Fig. l), more intensive conditioning has not been associated with a lower
relapse rate; and 4. 15-20 per Cent of patients with resistant disease may
become long-term disease-free survivors. While this survival rate is not a
satisfactory end result, it is probably superior to chemotherapy alone. It is
noteworthy that immunologic problems rather than resistant leukemia are
the major cause of death in some series. These problems may ultimately
prove more soluble than resistant leukemia.
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Major features of bone marrow transplantation in leukemia are reviewed in Table 2. It should be emphasized that 98 per cent of relapses occur in
recipient cells so that Progress is dependent upon the development of more
effective conditioning regimens. Potential approaches to this problem are
indicated in Table 3. Perhaps the most promising are the development of
more effective regimens and transplantation in remission. Preliminary data
from Thomas and coworkers has indicated a low relapse rate in patients
transplanted in remission. Finally, the introduction of new myelosuppres-

sive drugs or innovative uses of radiation may improve the results of transplantation in acute leukemia.
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autotransplantation, and attemps to deplete clinically undetectable
leukemic cells from remission marrow using either physical or immunologic
technics need to be critically evaluated.
A final consideration is the use of HLA-matched unrelated donors for
patients without HLA-identical siblings. Recent advances in histocompatibility testing, particularly HLA-D typing, make this a possibility. Opelz and
coworkers have recently reviewed theoretical consideration involved in the
development of donor pools for unrelated marrow transplantation [12].

Summary
Bone marrow transplantation is an experimental approach to the treatment
of patients with acute leukemia, aplastic anemia, and other neoplastic and
genetic diseases. To date, long-term disease-free survival has been achieved
in a small proportion of carefully selected patients with resistant acute
leukemia. While results are not optimal, they are acceptable in late stage
patients where there are no effective alternates. Major problems in marrow
transplantation for leukemia include tumor resistance and a spectrum of
immunologic complications including GVHD, immunodeficiency, and
interstitial pneumonitis. Potential approaches to these problems have been
suggested. Progress in any one area would have a substantial impact on
improving survival and extending the applicability of marrow transplantation to patients at an earlier stage of their disease.
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